Abstract: The purpose of this study was to relate the facial asymmetries with possible impairments of the skull base, particularly with regard to the three-dimensional position of the glenoid fossa.
F acial asymmetry is a common objective finding in the clinical practice, being its prevalence between 21% and 85%. 1 Skeletal asymmetries may be associated with dentoalveolar spatial alterations, changes in the soft tissues' volume, and anomalies in the posture of the head. Muscular, postural, and dental alterations are considered by several authors as either possible causes or consequences of the skeletal asymmetries. 2 There is still no agreement in the scientific literature on the various aspects related to the facial asymmetries. For example, there are inconsistent opinions on etiology, classification, reference points and planes, and radiologic study methods or also on their relation with the skull base. Obwegeser and Makek 2 classified the postnatal onset maxillomandibular asymmetries by associating them with their possible etiology. The different groups found were condylar hyperplasia, hemimandibular hyperplasia, hemimandibular elongation, hemimandibular hypoplasia, and mixed forms. Nitzan et al 3 rather affirmed that the asymmetries should be classified on pure clinical criteria (vertical, transverse, and combined). Baek et al 4 distinguished 4 groups of asymmetries, according to a cluster analysis of statistical data obtained from maxillary and mandibular measurements performed through three-dimensional computed tomography (CT) scans. In most cases, the studies were not comparable because they were carried out with different methodologies and by using different classifications. In fact, most of the studies were conducted on the basis of measurements obtained by conventional radiologic methods, but only in more recent works, three-dimensional CT was used. Moreover, it is difficult to locate the median line of the face in asymmetric subjects, and various authors have used different reference points and planes. Finally, few authors 5, 6 have correlated the maxillomandibular asymmetry with the possible altered conformation of the base of the skull. It has already been observed that the position of the glenoid cavity, if shifted forward, is associated with the mandibular laterodeviation in the unilateral coronal craniosynostosis. 7 The purpose of this study is to relate the facial asymmetries with possible impairments of the skull base, particularly with regard to the three-dimensional position of the glenoid fossa.
MATERIALS AND METHODS
From January 2004 to December 2011, we observed 92 consecutive patients having facial asymmetry. All patients underwent clinical examination, panoramic radiographs, telecranium radiographs (latero-lateral and postero-anterior projections), and threedimensional CT. We included patients older than 18 years with facial asymmetry from overdevelopment in the vertical and horizontal planes, having a complete radiographic documentation, 1-mm-thick three-dimensional CT in digital imaging and communication in medicine format contiguous scans, and centric occlusion during CT scanning.
Patients having malformative craniofacial syndromes, congenital torticollis, plagiocephaly, results of cleft lip or palate, and asymmetry from underdevelopment and subjects with history of trauma or joint infections were excluded from this study.
A control group composed of 29 patients not asymmetrically having an obstructive sleep apnea syndrome (OSAS) was used to compare data from the study groups.
According to Nitzan et al, patients were classified in 3 asymmetry groups: (1) vertical plane asymmetries (VAs), (2) transversal plane asymmetries (TAs), and (3) hybrid forms.
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The VAs were characterized by unilateral growth in the vertical plane and by a sloping rima oris, increased height of the maxillary alveolar bone, and downward deviation of the occlusal plane in the ipsilateral side. The TAs were associated with chin deviation toward the contralateral side with no vertical asymmetry. The occlusal plane was maintained with no deviation. Hybrid forms showed a combination of these 2 types.
All digital imaging and communication in medicine format three-dimensional CT scans were processed and analyzed by a software for the three-dimensional reconstruction of the images (Mimics, Materialize Inc.). Using the grayscale thresholding function, soft tissues were removed from the bony structures allowing a three-dimensional cephalometric analysis. The horizontal plane chosen as reference for the analysis was identified by 3 points: (1) the most lateral point of the right lateral semicircular canal, (2) the most lateral point of the left lateral semicircular canal, and (3) the Nasion. 8 The sagittal plane was perpendicular to the horizontal plane and passing through the Nasion. The coronal plane was perpendicular to both the sagittal and horizontal planes. We chose 12 points of the skull to perform the cephalometry, making 11 linear and 6 angular measurements (Table 1, Figs. 1-4 ). To prevent interobserver errors, all processes (landmark identification and linear measurements) were performed by 1 author and were repeated twice during a 2-week interval.
Statistical Analysis
A descriptive analysis of the sample, which considered also the control group, was carried out through statistical mean and SD for continuous variables and through absolute and relative frequencies for qualitative variables.
The Shapiro-Wilk test was used to assess whether the data distribution was normal. According to the results of the normality test, data were analyzed by means of parametric tests. To identify significant differences in segments and angles among the groups of the study (TA, VA, hybrid forms, and controls), we compared the values derived from the affected side of the cranium in the asymmetric patients with those observed in the control group. We used the analysis of variance with Bonferroni correction. From each of the subjects in the control group, a randomly selected side was analyzed. We also compared the affected sides with the healthy sides through the t-test for paired data in the study population. The analysis was performed by using SPSS software version 12.0 for Posterior cranial base angle FIGURE 1. Frontal view of a case of transverse asymmetry: landmarks, planes, and measurements used in the study (see Table 1 for definitions). 
RESULTS
Fifty-eight of the ninety-two observed subjects met the inclusion criteria (25 men and 33 women) and were included in the analysis. We analyzed data from 30 consecutive patients having VAs, 19 consecutive patients having TAs, 9 consecutive patients having the hybrid form, and all the 29 subjects having OSAS, which made the control group. Age ranged from 18 to 63 years. The main demographic and clinical characteristics of the population are summarized in Table 2 . The mean linear distance between the horizontal reference plane and the glenoid fossa was 3.1 mm for the affected side in the VA group, 2.4 mm for the TA group, 3.2 for the hybrid forms, and 4 mm for the control group. Differences with the controls were statistically significant in all groups (P = 0.002, P < 0.001, and P = 0.047, respectively). The mean linear distance between the lateral semicircular canal on the affected side and the ipsilateral glenoid fossa was 23.8 mm for the VA group, 25.5 mm for the TA group, 23.8 mm for the hybrid forms, and 21.5 mm for the controls. The differences between the VA and TA groups and the control group were statistically significant (P = 0.050 and P < 0.001, respectively). The glenoid fossa moved forward and superiorly on the affected side if compared with the healthy side both in the VA and TA groups (P < 0.001, see Figs. 1 and 2 ). Differences were wider for both the analyzed segments (distance between the glenoid fossa and the lateral semicircular canal and distance between the glenoid fossa and the horizontal reference plane) in the TA group (Table 3) . Statistically significant differences between the VA group and the control group were observed with regard to the mandibular angles (PP-antegonion, 76.8 mm for the affected side of the VA subjects and 69.4 mm for the controls; P < 0.001). The Pogonion was significantly displaced if compared with the sagittal reference plane in the VA group (PS-Pogonion, 9.6 mm for the VA group and 1.1 mm for the controls; P < 0.001)
Concerning the skull base, statistically significant differences (P < 0.001) were observed between the affected side of the TA patients and the control group in the values of S-Cl-P and P-ClOp, meaning a reduction in width of the middle cranial base angle and an increase in width of the posterior cranial base angle in the affected side (Fig. 3) . The mean value of the middle cranial base angle was 57.6 degrees in the TA group and 60.0 degrees in the control group. No statistically significant differences were observed with regard to the width of the anterior cranial base angle (Cr-Cl-S) between the affected side of the study groups and the control group.
DISCUSSION
The etiology of facial asymmetries is still unclear, although various etiological factors were identified. These include occlusal interference, functional asymmetry of the jaw muscles, and condylar hyperactivity. 4, 6, 7, 9 The greatest difficulties met in the studies on this matter have been the choice of the radiologic study method, the choice of the reference planes, and the control group. Most of the studies on facial asymmetries are based on standard radiographs of the cranium in postero-anterior and submentovertex projections. 5, [10] [11] [12] The limits of the traditional radiologic investigations are the distortion, the magnification, and the overlap of the anatomic structures, which increase the degree of error and make the investigation very nonspecific. 13 On the contrary, using the threedimensional CT in the diagnosis of the facial asymmetries, the degree of error due to distortion and magnification is almost nullified. Moreover, three-dimensional CT scans allow affordable quantitative measurements of the anatomic structures in the study. 4 However, some of the studies based on three-dimensional CT have used P value was calculated with 1-way analysis of variance (Bonferroni correction). *VA group versus control group; †TA group versus control group; ‡hybrid form versus control group. n.s., not significant; PP-canine tooth, distance between the upper canine cuspid and the horizontal reference plane; PP-molar tooth, distance between the mesiovestibular upper first molar cuspid and the horizontal reference plane; GF-SLC, distance between the glenoid fossa and the lateral semicircular canal; GF-PP, distance between the glenoid fossa and the horizontal reference plane; PP-AnteGonion, distance between the antegonion point and the horizontal reference plane; PS-Pogonion, distance between sagittal plane and the pogonion; Cr-Cl-S, anterior cranial base angle; S-Cl-P, middle cranial base angle; P-Cl-Op, posterior cranial base angle. reference points and planes extrapolated from the classic radiologic investigation, such as the Frankfurt plane. 6 The Porion point, for example, corresponds to the upper edge of the external acoustic meatus but should not be considered as an unchangeable landmark in craniofacial asymmetries, given the possible involvement of the temporal bone in these pathologies.
14 In addition, the inferior boundary of the orbit may be on a different plane, if compared with the contralateral one. This study, after our previous research, was carried out by identifying the reference planes on the basis of 3 points, which are little subject to displacement in the facial asymmetries: the lateral semicircular canals and the Nasion. 8 Although the Nasion can be altered in some syndromic forms and in the unilateral coronal craniosynostoses, it is usually located in the facial midline in nonsyndromic overdevelopment facial asymmetries. Even the semicircular canals could be affected by the changes occurring in the temporal bones, because these reference points are close to mandibular condyles and the glenoid fossa. However, the changes should be very limited.
We chose to compare the data from asymmetric patients with consecutive subjects having OSAS because the latter are usually symmetric and include CTthree-dimensional scans in their diagnostic protocol at our clinic. Ages significantly differed between the study groups and the control group (see Table 2 ). However, this should not affect the results of the study because the changes in the skull after the age of 18 years are not very relevant.
In the unilateral coronal craniosynostoses, it was observed that the position of the glenoid fossa, when associated to a laterodeviation of the mandible, is shifted ahead. 7 Only few authors have studied the relationship between the skull base and the facial asymmetry. Kyrkanides et al 5 conducted a study on patients having unilateral cleft lip and palate. By examining telecranium radiographs (latero-lateral and postero-anterior projections), they stated that "cranial base asymmetry at the level of the mandibular fossae significantly correlated with the development of horizontal lower facial asymmetry." Kwon et al 6 studied the craniofacial morphology in patients having facial asymmetry by using the three-dimensional CT to compare them with the control group. Although the authors concluded that the difference in the degree of facial asymmetry between the 2 groups was not statistically significant, they also demonstrated that there was a correlation between the asymmetry of the skull base and the postero-anterior position of the condyle, which was in turn correlated to the position of the mastoid on the axial plane. These apparently contradictory results may have partially been caused by the use of the Frankfurt plane as the main reference plane. In our study, we focused on the possible correlation between the morphology of the skull base and the maxillomandibular asymmetry. In particular, we studied the middle cranial base and the glenoid fossa. According to our outcomes, the facial asymmetry is correlated to the displacement, anteriorly and superiorly, of the glenoid fossa. Although this seems to be significant for both the TA and VA populations, the evidences are stronger in the TA subjects. This may explain the statistically significant variation of the middle and posterior cranial base in this group of patients. The statistically significant reduction of the middle cranial base angle and the wider posterior cranial fossa angle in the TA patients may be explained by that the petrous bone, on the border between the middle and posterior cranial fossa, is shifted forward. Therefore, the asymmetry of the temporal bone influences the spatial variation of the glenoid fossa.
During the study, we realized that important differences between healthy and affected sides exist also on the sagittal plane, which is not completely taken into account in this study. However, these differences are worthy of being analyzed and should be the subject of future studies.
Another limit of our study is that it will not allow any etiological inference. In fact, we merely described morphologic changes of the glenoid fossa and the skull base of adult patients. It is not possible to say that the primary skull base's alteration causes the asymmetry of the glenoid fossa, and one cannot deduce that the primary jaw's alteration, in particular, of the hyperplasic condyle, is the cause of the derangement of the glenoid fossa. Further studies should be conducted on subjects in the age of growth to achieve a clarification of the etiological matter.
According to our results, there is a strong evidence confirming the correlation between the overdevelopment of mandibular asymmetries and the glenoid fossa moving forward and superiorly in the affected side. The associations with a variation of the middle cranial base angle in the asymmetries on the transverse plane show the possible presence of a relationship between the development of the facial asymmetry and the alterations of the skull base. It is not possible to determine whether the first is the consequence or the cause of the latter, at the moment. It is likely that the glenoid fossa represents the missing link between the development of the temporal region and the development of the ipsilateral hemimandible. Affected side versus healthy side. P value was calculated with the t-test for paired data.
PP-AnteGonion, distance between the antegonion point and the horizontal reference plane; GF-PP, distance between the glenoid fossa and the horizontal reference plane; Cr-Cl-S, anterior cranial base angle; S-Cl-P, middle cranial base angle; P-Cl-Op, posterior cranial base angle; LSC-GF, distance between the lateral semicircular canal and the omolateral GF.
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